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Abstract
Introduction: The intent of this study was to determine whether serum procalcitonin (PCT) levels are associated
with prognosis, measured as organ dysfunctions and 28-day mortality, in patients with severe pneumonia.
Methods: This was a multicenter, observational study of critically ill adult patients with pneumonia requiring
mechanical ventilation conducted in 10 academic hospitals in Canada, the United States, and Central Europe. PCT
was measured daily for 14 days using an immuno-luminometric assay.
Results: We included 175 patients, 57 with community acquired pneumonia (CAP), 61 with ventilator associated
pneumonia (VAP) and 57 with hospital acquired pneumonia (HAP). Initial PCT levels were higher in CAP than VAP
patients (median (interquartile range: IQR); 2.4 (0.95 to 15.8) vs. 0.7 (0.3 to 2.15), ng/ml, P < 0.001) but not
significantly different to HAP (2.2 (0.4 to 8.0) ng/ml). The 28-day ICU mortality rate for all patients was 18.3% with a
median ICU length of stay of 16 days (range 1 to 142 days). PCT levels were higher in non-survivors than in
survivors. Initial and maximum PCT levels correlated with maximum Sequential Organ Failure Assessment (SOFA)
score r
2 = 0.50 (95% CI: 0.38 to 0.61) and r
2 = 0.57 (0.46 to 0.66), respectively. Receiver operating curve (ROC)
analysis on discrimination of 28-day mortality showed areas under the curve (AUC) of 0.74, 0.70, and 0.69 for
maximum PCT, initial PCT, and Acute Physiology and Chronic Health Evaluation (APACHE) II score, respectively. The
optimal cut-off to predict mortality for initial PCT was 1.1 ng/ml (odds ratio: OD 7.0 (95% CI 2.6 to 25.2)) and that
for maximum PCT was 7.8 ng/ml (odds ratio 5.7 (95% CI 2.5 to 13.1)).
Conclusions: PCT is associated with the severity of illness in patients with severe pneumonia and appears to be a
prognostic marker of morbidity and mortality comparable to the APACHE II score.
Introduction
Respiratory tract infections requiring mechanical ventila-
tion account for the majority of all infections treated in
the intensive care unit (ICU) and are associated with
prolonged hospital stay and high ICU mortality [1-3].
The Pneumonia Severity Index (PSI) is commonly used
for risk stratification of patients with pneumonia. How-
ever, this parameter showed only moderate association
with outcome prediction and was judged to be inade-
quate to guide clinical care [4].
Numerous studies have evaluated the diagnostic per-
formance of invasive procedures, or of biochemical and
molecular markers in blood or bronchoalveolar lavage
(BAL) in patients with ventilator-associated pneumonia
(VAP), hospital acquired pneumonia (HAP) and com-
munity acquired pneumonia (CAP). These methods are
difficult to apply to daily clinical practice and none has
proved to be predictive of outcome [5-8]. Furthermore,
many aspects in the strategies for diagnosing HAP and
VAP especially regarding the importance of invasive
* Correspondence: konrad.reinhart@med.uni-jena.de
1Department of Anesthesiology and Intensive Care Medicine, Jena University
Hospital, Erlanger Allee 101, 07747 Jena, Germany
Full list of author information is available at the end of the article
Bloos et al. Critical Care 2011, 15:R88
http://ccforum.com/content/15/2/R88
© 2011 Bloos et al.; licensee BioMed Central Ltd This is an open access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly citedprocedures are still controversial [9,10]. Indeed, a recent
study revealed that use of invasive procedures for etiolo-
gical diagnosis of pneumonia varies considerably
between European ICUs [11]. This uncertainty is most
likely responsible for antibiotic overtreatment observed
in this group of patients [12,13]. Thus, measures to aid
the early identification of patients with pneumonia are
underdeveloped. Such measures are needed as patients
with pneumonia are at high risk of death and would
benefit from early adaption of therapy.
Procalcitonin (PCT), a relatively novel marker of infec-
tious processes, has been shown to be associated with
the severity of inflammation and prognosis during sepsis
and septic shock [14-16]. In two large studies in the
emergency department, low PCT-values were associated
with a low risk of death in patients with CAP [17,18].
Luyt and colleagues reported that PCT levels decreased
during the clinical course of VAP but were significantly
higher from Day 1 to Day 7 in patients with unfavorable
outcomes [19]. The significance of PCT is emphasized
b yt h eo b s e r v a t i o nt h a tt h ec o u r s eo fP C Tl e v e l sm a y
safely guide antimicrobial therapy in patients with com-
munity acquired lower respiratory tract infections
[20,21] and ICU patients with suspected bacterial infec-
tions [22]. However, data about the significance of PCT
in patients with hospital and ventilator acquired pneu-
monia requiring intensive care therapy are still limited.
The aim of this multicenter study was to test the
hypothesis that serum PCT levels can assist in identify-
ing patients with severe pneumonia who are at increased
risk of poor outcome, measured as organ dysfunction
and 28-day mortality.
Materials and methods
In this multicenter, multi-national, observational study,
patients admitted consecutively to the ICUs of 10 aca-
demic hospitals (8 in Canada and the United States and
2 in Europe) between 1 January 2003 and 20 November
2004 were screened for eligibility. The study protocol
had been reviewed and approved by the Food and Drug
Administration (protocol PCT-7; file number #
I010023). Patients 18 years of age and older requiring
mechanical ventilation with the new diagnosis of pneu-
monia within the last 48 hours were included. We
excluded patients who were enrolled in a clinical study
prior to baseline PCT sampling, had cardiogenic shock,
had burns greater than 20% of total body surface, or
were likely to die within 48 h, and postoperative patients
following bone marrow transplant (within the last 6
months), coronary artery bypass grafts (within the last
7 days), and solid organ transplants (within the last 14
days). Patients were followed for 28 days after discharge
from the ICU. The study was approved by local Institu-
tional Review Boards/Ethics Committees of each
participating institution and informed consent was
obtained from the patients’ next of kin.
Pneumonia was defined as the presence of new or
progressive infiltrate(s), consolidation, cavitation, or
pleural effusion on chest radiographs and the new onset
of at least two of the following signs or symptoms:
1) cough; 2) production of purulent sputum or a change
in the character of sputum; 3)a u s c u l t a t o r yf i n d i n g so n
pulmonary exam of crackles and/or evidence of pulmon-
ary consolidation (dullness on percussion, bronchial
breath sounds); and/or 4) the presence of acute or pro-
gressive dyspnea, tachypnea, or hypoxemia. In addition,
at least one of the following criteria had to be fulfilled
to establish the diagnosis of pneumonia: 1) fever,
defined as body temperature > 38°C (100.4°F) taken
orally; > 38.5°C (101.2°F) tympanically; or > 39°C (102.2°
F) rectally or via pulmonary artery (PA) catheter; and/or
2) elevated total white blood count (WBC) > 10,000/
mm
3, or > 15% immature neutrophils (bands), regardless
of total WBC, or leukopenia with total WBC < 4,500/
mm
3. Microscopic examination of the Gram stained
respiratory secretions had to show the presence of
microorganisms, with ≥25 polymorphonuclear cells and
≤10 squamous epithelial cells per field at 100× magnifi-
cation (low-power, 10× objective).
CAP [23] was defined as the occurrence of pneumonia
in patients who had not resided in a long-term care
facility for ≥14 days before the onset of symptoms and
did not fulfill criteria of HAP, HAP [24] as pneumonia
diagnosed in hospitalized patients or those residing in a
long-term care facility (> 48 hours), such as a skilled
nursing home facility or rehabilitation unit, or present <
7 days after a patient was discharged from the hospital
with initial hospitalization of ≥3 days duration, and VAP
[25] as pneumonia that developed more than 48 hours
after intubation in mechanically ventilated patients who
had no clinical evidence suggesting the presence or
likely development of pneumonia at the time of
intubation.
Within 48 hours of enrolment, we sought to establish
a diagnosis of pneumonia through culture and suscept-
ibility testing of respiratory secretions obtained by deep
expectoration, nasotracheal aspiration, intubation with
endotracheal suctioning, bronchoscopy with BAL or
protected-brush sampling, or transtracheal aspiration.
The diagnosis could also be supported by culture of
samples obtained by percutaneous lung or pleural fluid
aspiration, and/or single diagnostic antibody titer, (IgM),
or a four-fold increase in paired serum samples (IgG)
for the presumed pathogen. Patients with burns greater
than 20% of total body surface, expected death within
48 h, post bone marrow transplant within the last
6 months, cardiogenic shock, cardiovascular bypass
within the last 7 days, solid organ transplant within the
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were excluded.
K e yd a t aw e r ev e r i f i e db ys o u r c ed o c u m e n t s( h o s p i t a l
chart). Monitoring was conducted according to Good
Clinical Practice (GCP) and standard operating proce-
dures for compliance with applicable government regu-
lations and was performed by an independent clinical
research organization.
We recorded demographic data including date of
birth, gender, ethnic origin, weight, and height, type of
pneumonia, and admission Acute Physiology and
Chronic Health Evaluation (APACHE) II score at study
enrolment. Organ dysfunction status was assessed daily
as described elsewhere [26] and worst values of each
calendar day were reported. A modified Sequential
Organ Failure Assessment (SOFA) score that excluded
the Glasgow Coma Scale (GCS) was utilized.
PCT samples were collected for 14 days or until
patients were discharged from the ICU and/or no longer
required any mechanical ventilatory support. Blood sam-
p l e sn o te x p e c t e dt ob ea n a l y z e dw i t h i n2 4ho fc o l l e c -
tion were frozen at -20°C for later analysis. PCT was
measured using an immunoluminometric assay (LUMIt-
est
®; BRAHMS GmbH, Hennigsdorf, Germany). PCT
levels were not available to the investigators until com-
pletion of the study and had no impact upon patient
care during the course of the study.
Statistical methods
T h ep r i m a r yo b j e c t i v ew a st od e t e c tac o r r e l a t i o n
between maximum PCT and SOFA-score. A total of
180 subjects were required in order to significantly
demonstrate that the correlation coefficient is above 0.2
with a power of 90%. Means ± standard deviations
(SDs) or medians with interquartile ranges (IQR) are
reported as appropriate. The three types of pneumonia
were compared using tie-corrected exact Kruskal-Wallis
tests. Pair-wise comparisons of HAP and VAP to CAP
were added, based on tie-corrected exact Mann-Whitney
U-tests. Odds ratios and receiver operating characteristic
(ROC) curve methodology were used to judge the pre-
dictive power of PCT for outcome.
Results
Study population
Of the 200 enrolled in this study, 25 patients were
excluded from the analysis of the data. Of these, 21
patients had incomplete sampling and four patients met
exclusion criteria. The characteristics on admission of
the 175 patients included in our analysis study group are
presented in Table 1. Mean age was 62 years; roughly
one-third had CAP, one-third had HAP, and one-third
had VAP. The median hospital and ICU lengths of stay
prior to enrolment were six days (range 0 to 368 days)
and nine days (range 0 to 42 days), respectively.
Patients with CAP had higher APACHE II and SOFA
scores at inclusion than patients with VAP. Such a dif-
ference was not observed between VAP and HAP
patients. The incidence of cardiovascular co-morbid
conditions on admission to the ICU was lower in
patients with VAP than in the other groups (Table 1).
Positive cultures of the microbiological samples taken
within 48 h were reported in 119 patients (67.4%).
Gram-positive organisms were isolated in 75 patients
(42.9%) and Gram-negative organisms in 63 patients
(36.0%). The detected microorganisms are shown in
Table 1 Characteristics of the study population stratified according to the type of pneumonia
CAP N = 57 HAP N = 57 VAP N = 61 Over-all P P (CAP versus VAP)
Age 61.8 ± 18.7 64.6 ± 15.8 60.7 ± 16.2 n.s. n.s.
Male 35 (61.4%) 38 (66.7%) 35 (57.4%) n.s. n.s.
APACHE II score 26.2 ± 7.4 25.2 ± 9.4 20.1 ± 8.5 < 0.001 < 0.001
SOFA score 7.6 ± 3.5 6.9 ± 3.7 6 ± 3.5 0.044 0.005
On antibiotics 57 (100.0%) 55 (96.5%) 58 (95.1%) n.s. n.s.
Coexisting diseases
Diabetes mellitus 14 (24.6%) 11 (19.3%) 12 (19.7%) n.s. n.s.
Cardiovascular disease 28 (49.1%) 24 (42.1%) 16 (26.2%) 0.032 0.010
Hypertension 3 (5.3%) 3 (5.3%) 5 (8.2%) n.s. n.s.
Malignancies 14 (24.6%) 20 (35.1%) 11 (18.0)% n.s. n.s.
COPD 13 (22.8%) 5 (8.8%) 10 (16.4%) n.s. n.s.
Liver cirrhosis 4 (7.0%) 1 (1.8%) 1 (1.6%) n.s. n.s.
Chronic renal failure 2 (3.5%) 4 (7.0%) 3 (4.9%) n.s. n.s.
HIV/AIDS 1 (1.8%) 2 (3.5%) 1 (1.6%) n.s. n.s.
There was no statistical difference between CAP vs. HAP in any of these variables. Continuous data are given as mean ± standard deviation. AIDS, acquired
immunodeficiency syndrome; APACHE, Acute Physiology And Chronic Health Evaluation; CAP, community acquired pneumonia; COPD, chronic obstructive
pulmonary disease; HAP, hospital acquired pneumonia; HIV, human immunodeficiency virus; n.s., not significant; SOFA, sequential organ failure assessment; VAP,
ventilator associated pneumonia.
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infection was adequately controlled on Day 3 according
to the attending physician.
Time course of PCT levels
PCT levels were elevated at the time of enrolment in all
groups (Table 3). Initial PCT levels were higher in CAP
than VAP patients. The maximum PCT levels were
higher in patients with CAP than those with HAP or
VAP. Maximum PCT occurred a median of one to two
days after inclusion into the study. As shown in Figure
1, PCT levels were persistently higher in patients with
CAP than those with HAP during the first week follow-
ing inclusion. There was no difference of initial PCT
levels in culture positive and culture negative patients
(1.60 (0.40 to 5.95) vs. 1.65 (0.5 to 6.9) ng/ml). Patients
with positive cultures had higher maximum PCT levels
(2.70 (0.65 to 8.00) vs. 2.25 (0.65 to 9.95) ng/ml). How-
ever, this difference did not reach statistical significance.
Morbidity and mortality
T h eo v e r a l l2 8 - d a ym o r t a l i t yr a t ew a s1 8 . 3 %( n =3 2 )
and the median ICU length of stay (LOS) was 16 (9 to
28.5) days (range 1 to 142 days). The 28-day mortality
was higher in patients with severe CAP compared with
those with HAP or VAP (36.8% vs. 10.5% and 8.2%,
respectively, P < 0.01 each). Likewise, the maximum
degree of organ dysfunction as assessed by the
maximum SOFA score was higher in CAP compared
with HAP and VAP patients. PCT levels were consis-
tently higher in non-survivors than survivors throughout
the observation period (Figure 2). Initial PCT values of
VAP patients were significantly higher in non-survivors
than in survivors with a median PCT of 0.6 ng/ml in
the latter group (Figure 3). This difference between sur-
vivors and non-survivors was also observed in HAP but
did not reach statistical significance. In the survivors,
PCT values dropped to a median of 50.0% (27.3 to
100.0%) of the baseline value (P < 0.001) during the first
five study days. A drop of similar magnitude with 53.7%
(27.6 to 148.0%) was observed in the non-survivors
without reaching statistical significance (P = 0.08).
Initial and maximal PCT levels correlated with maxi-
mum SOFA score (r
2 =0 .5 1a n dr
2 = 0.57, respec-
tively). The association between initial and maximum
PCT levels and SOFA score was independent of the
type of pneumonia (Figure 4). In a ROC analysis on dis-
crimination of 28-day mortality, the area under the
curves (AUC) for maximum PCT, initial PCT, and
admission-day APACHE II score were 0.74, 0.70, and
0.69, respectively (Figure 5). The AUCs were not statisti-
cally different. The best cut-off of initial PCT to predict
28-day mortality was 1.1 ng/ml (odds ratio 7.0 (95% CI
2.6 to 25.2)) and that of the maximum PCT was 7.8 ng/
ml (odds ratio 5.7 (95% CI 2.5 to 13.1)). The highest
AUC was observed in VAP patients with 0.71 (95% CI
0.92 to 1.01) compared to CAP with 0.41 (95% CI 0.24
to 0.92) and HAP with 0.56 (95% CI 0.58 to 0.96).
Discussion
In this prospective multicenter study on a cohort of
ICU-patients with severe pneumonia, median initial
PCT levels were elevated above a normal value of 0.3
ng/ml in all groups. Those patients with ventilator asso-
ciated pneumonia had the lowest initial PCT values.
The maximum PCT levels were observed a median of
one to two days after enrolment. Patients with severe
CAP had highest initial median PCT values (2.4 ng/ml).
These patients also showed greater disease severity,
organ dysfunction, and mortality than HAP and VAP.
This is in concordance with data from Valencia et al.,
who reported a mortality rate of 37% in CAP patients
requiring ICU therapy [27]. Median admission PCTs of
3.4 ng/ml have been observed in patients presenting
with CAP in the emergency department [17].
PCT levels were higher, and remained persistently ele-
vated, in non-survivors. Both, initial and maximum PCT
values correlated with the maximum SOFA score and
were a reasonable predictor of the risk of death within 28
days in these patients. In patients with severe pneumonia,
initial PCT measurement allows a risk stratification similar
to the APACHE II-score. The data agree with previous
Table 2 Isolates from the specimen taken for
microbiological proof of infection with 48 hours after
enrolment
CAP
N =5 7
HAP
N =5 7
VAP
N =6 1
Total
N = 175
Negative 21 (36.8%) 21 (36.8%) 15 (24.6%) 57 (32.6%)
Gram positive
bacteria
22 (38.6%) 22 (38.6%) 31 (50.8%) 75 (42.9%)
MSSA 8 (14.0%) 10 (17.5%) 16 (13.9%) 34 (11.6%)
Streptococcus spp. 8 (14.0%) 4 (7.0%) 5 (4.3%) 17 (5.7%)
MRSA 4 (7.0%) 1 (1.8%) 0 (0%) 5 (1.7%)
Enterococcus spp. 0 (0%) 0 (0%) 4 (6.6%) 4 (2.3%)
Other 2 (3.5%) 7 (12.3%) 6 (9.8%) 15 (8.6%)
Gram negative
bacteria
22 (38.6%) 19 (33.3%) 22 (36.1%) 63 (36.0%)
Pseudomonas spp. 5 (8.8%) 5 (8.8%) 6 (9.8%) 16 (5.4%)
E. coli 5 (8.8%) 3 (5.3%) 4 (6.6%) 12 (4.1%)
Haemophilus spp. 3 (5.3%) 3 (5.3%) 4 (6.6%) 10 (3.4%)
Klebsiella spp. 2 (3.5%) 2 (3.5%) 2 (3.3%) 6 (2.0%)
Proteus spp. 0 (0%) 0 (0%) 3 (4.9%) 3 (1.7%)
Other 7 (12.3%) 6 (10.5%) 3 (4.9%) 16 (9.1%)
Yeasts 4 (7.0%) 9 (15.8%) 8 (13.1%) 21 (12.0%)
CAP, community acquired pneumonia; HAP, hospital acquired pneumonia; E.
coli, Escherichia coli; MRSA, methicillin-resistent staphylococcus aureus; MSSA,
methicillin-sensitive staphylococcus aureus; spp., species; VAP, ventilator
associated pneumonia.
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with more than 1,600 patients each, PCT-values < 0.1 ng/
ml in CAP were associated with a low risk of death inde-
pendent of the clinical risk assessment [17,18]. PCT was
also capable of identifying an unfavorable outcome in
CAP patients staying at the ICU [28].
Impact of PCT-assessment is less well investigated in
VAP and HAP compared to CAP. Patients with HAP
not treated in an ICU have low median PCT values of
0.22 ng/ml [29]. In a single center study conducted in
44 patients with VAP, Duflo et al.f o u n dP C Tt ob es i g -
nificantly elevated in non-survivors: The best cut-off for
serum PCT in the non-survivors in the VAP group was
2.6 ng/ml with a sensitivity of 74% and a specificity of
75% [7]. Likewise, Luyt et al.f o u n dh i g hm e d i a nP C T
levels of about 3 ng/ml at Day 1 in patients with unfa-
vorable outcomes during the clinical course of microbio-
logically proven VAP (n = 63) [19]. Interestingly,
multivariate analyses further supported that serum PCT
levels on days 1, 3, and 7 were strong predictors of
unfavorable outcome [19].
We found a significant association between PCT levels
and organ dysfunction as assessed by the SOFA score.
Similar observations were reported by Meisner et al.
[30] and by Schroder et al. in surgical critically ill
patients [31]. Hedlund et al. showed that the severity of
disease measured by the APACHE II score was strongly
associated with admission levels of PCT in 96 adult
patients with CAP [32]. In 110 patients with CAP, Bous-
sekey et al. found higher PCT levels in bacteremic
patients and/or septic shock patients (4.9 ng/ml vs. 1.5
ng/ml) and in patients who developed infection-related
complications (septic shock, multiorgan dysfunction,
acute respiratory distress syndrome and disseminated
intravascular coagulation) during their ICU stay [33].
The association of PCT with morbidity and mortality
may be of clinical importance not primarily for outcome
prediction but to monitor success of therapy. Current
data support the hypothesis that a drop in PCT levels
represents an adequate antimicrobial therapy and may
a c t u a l l yd e f i n eat i m ep o i n tw h e r ea n t i b i o t i ct r e a t m e n t
can be safely withdrawn [20,21]. Recently, this has been
Table 3 Initial and maximum PCT levels, morbidity and mortality according to the type of pneumonia
CAP N = 57 HAP N = 57 VAP N = 61 Overall PP (CAP versus HAP) P (CAP versus VAP)
Initial PCT (ng/ml) 2.4
(1.0, 15.8)
2.2
(0.4, 8.0)
0.7
(0.3, 2.15)
n.s n.s. < 0.001
Max. PCT (ng/ml) 5.3
(1.7, 17.7)
2.8
(0.4, 8.2)
1.0
(0.5, 3.4)
n.s. 0.021 < 0.001
Day of max. PCT 2
(1, 3)
1
(1, 2)
2
(1, 6)
< 0.001 0.012 n.s.
Maximum SOFA 9.5 ± 4.2 7.6 ± 3.8 6.7 ± 3.7 < 0.001 0.007 < 0.001
ICU length of stay (days) 13.0
(8.0, 17.5)
12.0
(7.0, 22.5)
26
(18, 43)
< 0.001 n.s. < 0.001
28 days mortality n (%) 21 (36.8%) 6 (10.5%) 5 (8.2%) < 0.001 0.002 < 0.001
Continuous data are given as median (interquartile range) or mean ± standard deviation. CAP, community acquired pneumonia; HAP, hospital acquired
pneumonia; ICU, intensive care unit; PCT, procalcitonin; n.s., not significant; SOFA, sequential organ failure assessment; VAP, ventilator associated pneumonia.
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Figure 1 Time course of procalcitonin levels in patients with
pneumonia. Box plot representing the time course of PCT over the
two weeks following study inclusion in patients with CAP, HAP, and
VAP. * P < 0.05 compared with CAP.
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Figure 2 Time course of procalcitonin levels in patients with
pneumonia depending on survival. Box plot representing the
time course of PCT over the two weeks following study enrolment
in survivors and non-survivors. * P < 0.05 compared with survivors.
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infection at admission or during their ICU stay [22].
More than 70% of these patients had pulmonary infec-
tions. Unsuccessful source control and poor outcome is
associated with persistently elevated PCTs which should
negatively affect outcome [14,34]. Thus, increasing PCT
or persistently elevated PCT values should trigger a
change in antimicrobial therapy.
In this study of severe pneumonia in mechanically venti-
lated patients, there was no difference in PCT levels
between culture positive and culture negative pneumonia.
In another study on patients with severe pneumonia as
defined by a high Pneumonia Severity Index (PSI), PCT
correlated with outcome but could not differentiate
between bacterial and nonbacterial etiology of pneumonia
[35]. In 72 children with CAP, Moulin et al.f o u n dP C T
levels > 2 ng/ml in all 10 patients with blood culture posi-
tive for S. pneumoniae; PCT concentration was greater
than 1 ng/ml in 86% of patients with bacterial infection,
with the highest percentage being in those with positive
blood culture [36]. This PCT-threshold was more sensitive
and specific than CRP, IL-6, or white blood cell count for
differentiating bacterial and viral causes of pneumonia.
Likewise, Boussekey et al. found higher PCT levels in
microbiologically documented CAP (median 4.9 ng/ml vs
1.5 ng/ml if no bacteria were found), but PCT levels could
not discriminate between specific bacterial agents [33].
Duflo et al. identified VAP based on a positive quantitative
culture of 10
3 colony-forming units/ml or more obtained
via a mini-bronchoalveolar lavage.
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SOFA-score. Scatter plots representing the initial PCT (panel A) and
the maximum PCT (panel B) vs. maximum SOFA score over the two
weeks following inclusion. Square of correlation coefficients were r
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= 0.50 (95% CI: 0.38 to -0.61) for initial PCT and r
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Figure 5 Receiver operator characteristic (ROC) curve for 28-
day mortality prediction. Areas under the curve: maximum PCT
0.74 (95% CI: 0.65 to 0.83), initial PCT 0.70 (95% CI: 0.60 to 0.80), and
APACHE II 0.69 (95% CI: 0.59 to 0.78).
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0.6 ng/ml in this study. This low PCT value questions
the validity of currently used VAP diagnostic criteria.
Luyt et al. found a similar low PCT of about 0.5 ng/ml
in VAP survivors and doubted the usefulness of this
parameter for diagnosis of VAP [19,37]. The 28-day
mortality of 8.2% in patients with VAP in our study was
very low. The Canadian Critical Care Trials group
recorded an overall 28 days mortality rate of 18.7% in a
large cohort of patients where VAP was diagnosed using
similar criteria as in our study [5]. However, mortality
rates between 9.8 and 93.3% have been observed
depending on the presence of risk factors such as coex-
isting diseases, presence of bacteremia, arterial hypoten-
sion, or ARDS [38]. The low mortality rate of VAP
patients and low PCT-values in the VAP survivors in
this study may reflect the uncertainty in correctly diag-
nosing VAP despite the requirement for a positive
Gram stain of respiratory secretion. Although VAP is
the most frequent cause of death in hospital for patients
with respiratory failure [39,40], the diagnosis of VAP is
difficult. The optimal invasive procedure for diagnosing
HAP or VAP remains poorly defined [9,10]. Indeed, one
study demonstrated that 29% of clinically suspected
VAP cases were disproved by autopsy results [41]. In
this study, microbiological proof of infection was possi-
ble in about 67% of the patients. This is in good agree-
ment with findings in large sepsis trials where
microbiological proof was possible in 41 to 51% of the
patients with airway infections [42,43].
It should be noted that the immunoluminometric
assay for PCT measurement applied in this study has
been replaced today by more modern techniques with a
higher accuracy especially in the low range of PCT
levels. Such accuracy is a prerequisite when using PCT
for antibiotic stewardship [20]. This study was focused
on high PCT concentrations for their association with
mortality and organ dysfunction. It is unlikely that such
a relationship is affected by the type of assay.
Measurement of PCT levels in addition to the clinical
judgement may offer a solution for this diagnostic
dilemma since our data suggest that baseline PCT levels
greater than 1.1 ng/ml identify a group of ICU patients
with a high risk to develop multiorgan dysfunction fol-
lowed by death. The quality of mortality prediction was
similar to the APACHE II score. These data confirm the
observation by Luyt et al., who found a PCT threshold
of 1 ng/ml to predict unfavorable outcome [19].
Furthermore, non-survivors showed no decrease in
PCT suggesting that pneumonia remained uncontrolled.
Assessing adequacy of antimicrobial therapy was not
part of the study hypothesis and would have been
beyond the scope of this trial. However, PCT measure-
m e n to f f e r st h ep o s s i b i l i t yo fb e i n gam a r k e rf o r
monitoring therapeutic success or failure, since success-
ful therapy is associated with a decrease in PCT levels.
A PCT guided algorithm has been shown to reduce
duration of antibiotic therapy without affecting patients’
safety [22,44].
Conclusions
In patients with severe pneumonia (CAP, VAP, HAP),
PCT is associated with the severity of illness and is a
good prognostic marker of morbidity and mortality in
patients with pneumonia in demand of mechanical ven-
tilation. The severity of illness as reflected by the degree
of organ dysfunction may be a more important determi-
nant of PCT levels than the type or cause of pneumonia.
Key messages
￿ Procalcitonin (PCT) concentrations are associated
with the severity of illness in patients with severe
pneumonia in demand of mechanical ventilation.
￿ PCT is a good prognostic marker of morbidity and
mortality in these patients.
￿ The severity of illness as reflected by the degree of
organ dysfunction may be a more important deter-
minant of PCT levels than the type or cause of
pneumonia.
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